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[57] ABSTRACT 

A radiation or charged particle detector which incor- 
porates a channel multiplier structure to amplify the 
detected rays or particles, the channel multiplier struc- 
ture having a support multiplying element, the element 
having a longitudinal slot formed along one side 
thereof, the element supporting a pair of plates posi- 
tioned contiguous with the slot, the plates being 
adapted to funnel the particles or rays to be detected 
into the slotted aperture and ultimately the element, 
thus creating an effectively wide aperture detector of 
the windowless type. 

1 1 Claims, 5 Drawing Figures 
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RADIATION AND PARTICLE DETECTOR AND 
AMPLIFIER 

The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1"958, Public Law 85— [ 2 
Stat. 435, 42 U.S.C. 2457], 

BACKGROUND AND SUMMARY OF THE 
DEVELOPMENT 

This invention relates generally to a radiation or 
charged particle detector and amplifier, and more par- 
ticularly to a detector and amplifier for detecting an 
amplifying radiation such as x-rays and ultraviolet rays, 
and charged particles, which detection occurs along an 
elongated area of relatively wide angle. 

Certain applications of electron multipliers have 
been found which require detection and amplification 
of lines of radiation or rectangular areas of radiation. 
This requirement for a detection and amplification sys- 
tem has been heretofore met through the use of an ar- 
rangement of a column of electron multipliers of the 
type disclosed in U.S. Pat. No. 3,128,408, to Messrs. 
Goodrich and Wiley, entitled “Electron Multiplier.” In 
an assembly of this type, the input ends of the column 
of multipliers are placed in a line to receive the line or 
area of radiation. This practice, while providing the de- 
tection and amplification required, created certain dif- 
ficulties in providing uniformity of response. For exam- 
ple, the gain from each of the channels must be made 
uniform so that, for a given input, all of the channels 
povided approximately the same output, irrespective of 
the position of the input along the line of radiation. 
Further, an assembly of this type decreased the open 
area ratio due to the intermediate channel walls within 
the periphery of the electron multiplier structure. 

In accordance with the features of the present inven- 
tion, an improved channel multiplier device has been 
evolved which can detect radiation along all points of 
a relatively wide strip and amplify the radiation to a sin- 
gle signal level regardless of the initial strength of the 
radiation or location of the radiation along the line. 
With the system of the present invention, a single chan- 
nel electron multiplier is utilized to detect and amplify 
the entire line of radiation, instead of the prior column 
of matched channels. 

The electron multiplier of the present invention in- 
corporates a first and second plate which are formed of 
high resistance glass similar to that used in other prior 
art electron multipliers, the plates being arranged so 
that the spacing between them at their front edge is 
greater than the spacing between the plates at their 
back edge. The spacing at the back edge is established 
by a slot formed in a generally tubular channel multi- 
plier clement, the width of the slot being selected in ac- 
cordance with a pre-established range of ratios of the 
slot width and the diameter of the main channel multi- 
plier element. The included angle between the plates is 
determined by the desired angle of incidence of the 
particle or radiation beam to be detected as well as the 
desired trajectory for secondary electrons created by 
the impact of the ray or charge particle beam. 

The secondary electrons exit from between the two 
plates and enter a large slotted electron multiplier 
where they impact and the energy of impact creates ad- 
ditional secondary electrons. The main multiplier ele- 
ment is fabricated in such a way that electrons impact- 
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ing along its entire length are accelerated toward either 
a hole in the central portion of the main multiplier ele- 
ment or toward a pair of funnel elements disposed at 
either end of the main element. These electrons are ex- 
5 traded from either the hole or the funnel element by 
means of electric fields created by suitable direct cur- 
rent bias sources. The multiplied electrons then enter 
the entrance aperture of a conventional curved elec- 
tron multiplier, where they are multiplied to the desired 
10 level. 

Accordingly, it is one object of the present invention 
to provide an improved electron multiplier assembly. 

It is another object of the present invention to pro- 
vide improved electron multiplier assembly which is ca- 
15 pable of detecting particles within an elongated area. 

It is still another object of the present invention to 
provide an improved elongated area sensing detector 
which eliminates the necessity for utilizing a plurality 
of side-by-side electron multipliers. 

20 It is a further object of the present invention to pro- 
vide an improved electron multiplier having improved 
open area ratio characteristics. 

It is still another object of the present invention to 
provide a wide area detector having improved linearity 
25 characteristics. 

It is still a further object of the present invention to 
provide improved wide area detector which is inexpen- 
sive to manufacture, and reliable in use. 

Further objects, features and advantages of this in- 
30 vention will become apparent from a consideration of 
the following description, the appended claims and the 
accompanying drawings in which: 

FIG. 1 is a perspective view of a wide area particle 
detector and amplifier incorporating the features of the 
35 present invention; 

FIG. 2 is a front view of the detector and amplifier of 
FIG. 1; 

FIG. 3 is a sectional view of the detector and ampli- 
fier of FIG. 2, taken line 3—3 thereof; 

4 ® FIG. 4 is another embodiment of the detector and 
amplifier of FIG. 1; and 

FIG. 5 is still another modification of the detector 
and amplifier of FIG. 1. 

FIGS. 1 to 3 illustrate a preferred embodiment of the 
45 invention which comprises a main channel electron 
multiplier element 12 normally having a length to di- 
ameter ratio of approximately 50: 1 . The inside surface 
14 of the channel multiplier element 12 is coated with 
a relatively high resistance and electron emissive coat- 
u ing to establish an electric field within the element 12 
and to cause multiplication of the electrons impacting 
on the interior surface 14 through secondary emission 
characteristics. 

A slot 16 is formed longitudinally of the electron 
multiplier element 12, the slot being of extremely small 
transverse dimension and extending from the exterior 
to the interior of the electron multiplier element 12. 
The material around the slot 16 is fastened to a pair of 
6 q glass plate elements, 20, 22, the interior surface of 
which is also coated with a relatively high resistive and 
secondary electron emissive coating, as was the case 
with the interior surface of the main electron multiplier 
element 12. In the preferred embdiment, one longitudi- 
nal edge of each plate 20, 22 is positioned within the 
slot 16 in the case where the slot is of a diameter to ac- 
commodate the thickness of the two plates 20, 22 or, 
alternatively, the plates 20, 22 may be fixed to the out- 
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side surface of the electron multiplier element 12. In 
this latter case, the slot 16 will be provided with a con- 
ductive and secondary electron emissive coating. Fur- 
ther, while slot 16 is illustrated as having parallel sides, 
it is to be understood that other slot configurations hav- 
ing non-parallel sides are also possible. The plates 20, 
22 are preferably, in one embodiment, approximately 
12 centimeters long and the spacing between the plates 
20, 22 is approximately 1 centimeter. Thus, the plates 
are adapted to detect particles within a 12 square centi- 
meter area, this area being completely open and free of 
channel walls and interstitial spaces. 

The central portion of the main element 12 is pro- 
vided with an aperture 28, the aperture 28 being con- 
tiguous with a curved electron multiplier element 30. 
The output end of the curved element 30 is provided 
with a collector cap 32 which is utilized to collect the 
multiplied electrons being transmitted through the 
electron multiplier element 30. The channel multiplier 
element 30 is curved to minimize the feed back which 
may occur under the conditions of amplification when 
the device is in use. Feed back may be caused by gas 
molecules in the channel multiplying path which are 
ionized by the multiplied electrons. The ionized gas 
molecules, being of a positive charge, are accelerated 
in the reverse direction toward the input end of the 
channel multiplier and, if they strike the surface near 
the input end, they cause substantial additional feed 
back generated multiplication which would lead to a 
spurious and continuously operating signal condition if 
the feed back were not minimized. Further, feed back 
may also be caused by other means such as light in the 
case of a photosensitive device, the feed back being 
generated by secondary emission and by ionization. 

The secondary electrons are accelerated toward the 
electron multiplier element 30 by means of varied volt- 
ages which are connected to the elements of the sys- 
tem. For example, voltage V, is supplied to the input 
end of the plates 20, 22 and voltage V 2 , which voltage 
is positive with respect to V , and is supplied to the out- 
put end of the plates 20, 22. The electrons passing 
through the slot 16 are accelerated toward the back 
surface 14 to cause emission of secondary electrons in 
response to the impact of the secondary electrons from 
plates 20, 22 or primary electrons directly striking the 
surface 14. The seconday electrons emitted from the 
interior surface 14 are drawn toward the central por- 
tion of the element 12 by means of the voltage V 4 . The 
voltage V 3 is positive with respect to the voltage V 3l 
and the voltage V 4 is positive with respect to the volt- 
age V 3 . 

The secondary electrons then enter the aperture 28 
and electron multiplier 30, the multiplier 30 being sup- 
plied with a voltage V 5 , which is negative with respect 
to the voltage V 4 , and a voltage V e , which is positive 
with respect to V„. The voltage V g minus V 5 is the elec- 
tron multiplier operating voltage and is generally of the 
order of 2,500 volts. This voltage provides an electric 
field in the electron multiplier having field lines which 
are substantially parallel to the tube axis throughout 
the length thereof, with the output end being more pos- 
itive than the input end in order to accelerate electrons 
toward the output. Also, a voltage, as for example 150 
volts, may be supplied to the output plate 32 to collect 
the electrons being emitted from the electron multi- 
plier 30. In the illustrated embodiment, this voltage is 
absent and the output signal is sensed directly by means 
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of an output voltage terminal labeled V 01t( . However, 
this voltage normally would be of the order of approxi- 
mately 1 50 volts. 

The conductive coating on the interior surface 14 is 
5 also placed on the walls of the slot to prevent the for- 
mation of potential wells, the wells being caused by 
electrons striking the walls and resulting in secondary 
emission from the walls. If the walls are insulative, 
every time a secondary emission occurred, a small posi- 
10 tive charge would appear on the wall due to the second- 
ary electron emission. Over a period of time, this emis- 
sion may result in very high positive voltage on the slot 
walls, which voltage would distort the field within the 
multiplier. By placing a conductive coating on the walls 
15 thereof, secondary electrons which are lost are quickly 
resupplied by the potential source connected to the 
coating. 

Referring now to FIG. 4, there is illustrated a modi- 
fied structure which includes a main multiplier element 
20 38 differing from that described in conjunction with 
FIGS. 1 to 3 by the fact that the central aperture 28 is 
absent from the element 38. The secondary electrons 
emitted from the interior surface of the element 38 are 
collected by means of a generally funnel-shaped input 
25 section 40 which is connected to one end of the elec- 
tron multiplier element 30. As was the case with FIGS. 
1 to 3, the electric field is set up between the plates 20, 
22 by means of the voltages V, and V*. and the second- 
ary electrons emitted from the plates 20, 22 are di- 
30 rected to the interior of the element 38, to impact on 
the walls thereof, by means of a voltage V 3 . However, 
in order to accelerate, the secondary electrons to the 
collector funnel 40, a voltage V 4 is provided which is 
more positive than the voltage V 3 , as was the case with 
35 FIG. 1. However, the voltage V 4 is supplied to the op- 
posite end of the element 38 with respect to the voltage 
V 3 . As was the case with FIGS. 1 to 3, the electron mul- 
tiplier operating voltage V„ minus V 5 is supplied to ele- 
ment 30. 

40 Referring now to FIG. 5, there is illustrated a further 
modification of the system of FIGS. 1 to 3 in that a sec- 
ond funnel-shaped element 44 and a second channel 
multiplier element 46 is utilized. However, in order to 
properly accelerate the electrons toward each end, and 
45 ultimately to the funnel portions 40, 44, the voltage V 3 
is supplied to a central portion of the element 38 and 
the voltage V 4 is supplied to each end thereof. The volt- 
age V 4 is more positive with respect to the voltage V 3 
to cause the electrons to travel toward the ends of the 
0 element 38. As was the case with FIG. 4, the electrons 
are collected by means of funnel devices 40, 44 and 
amplified by means of the electron multiplier elements 
30, 46. 

The coatings provided on the various elements de- 
J scribed in conjunction with FIGS. 1 to 5 may be se- 
lected from the group consisting of nickel, cesium io- 
dide, gold or other suitable photocathode materials or 
the coating may be of the type that would react to pro- 
duce secondary electrons upon the impact of a charged 
particle. Also, other shapes of the elements may be uti- 
lized to accomplish the same results described above. 

While it will be apparent that the preferred embodi- 
ments of the invention disclosed are well calculated to 
65 fulfill the objects above stated, it will be appreciated 
that the invention is susceptible to modification, varia- 
tion and change without departing from the proper 
scope or fair meaning of the subjoined claims. 
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Having thus described by invention, I claim: 

1. Apparatus for detecting radiation and charged par- 
ticles comprising: 

a longitudinal electron multiplier, a first coating of 
conductive and electron emissive material on the 
entire interior surface of said multiplier; 

an input aperture communicating with the interior of 
said multiplier and extending substantially the full 
longitudinal dimension of said multiplier and hav- 
ing a transverse dimension at least ah order of mag- 
nitude less than said longitudinal dimension; 

funnel means congruent to said input aperture and 
communicating with said input aperture, said fun- 
nel means comprising plates having input edges 
and output edges, said output edges being posi- 
tioned adjacent said input aperture and spaced one 
from the other, the spacing between said input 
edges being greater than the spacing between said 
output the interior of said funnel means having a 
second coating of conductive and electron emissive 
material in communication with said first coating; 

output means in communication with said electron 
multiplier; 

and biasing means for accelerating charged particles 
through said multiplier toward said output means. 

2. The apparatus of claim 1 wherein said output 
edges are of a length at least as great as the longitudinal 
dimension of said input aperture. 

3. The apparatus of claim 2 further including means 
for establishing electrostatic fields for driving second- 
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ary electrons emitted from said plate emissive surfaces 
toward said channel element emissive surface. 

4. Apparatus of claim 1 wherein said output means 
is interposed between the ends of said electron multi- 

5 plier and said biasing means establishes an electric field 
which causes charged particles to travel toward said 
output means. 

5. The apparatus of claim 4 wherein said output 
means comprises a channel multiplier having one end 

10 contiguous with said electron multiplier and has a non- 
linear axis. 

6. The apparatus of claim 5 wherein said funnel 
means includes first and second conductive surface 
connected to biasing means to minimize potential well 

15 buildup. 

7. The apparatus of claim 5 wherein said channel ele- 
ment axis is curved. 

8. The apparatus of claim 1 wherein said output 

2 q means is positioned adjacent one end of said electron 

multiplier. 

9. The apparatus of claim 8 further including a sec- 
ond output means at the other end of said electron mul- 
tiplier. 

25 10. The apparatus of claim 8 wherein said output 

means is a first channel multiplier. 

11. The apparatus of claim 10 wherein said first and 
second output means are channel multipliers having 
nonlinear axes for minimizing feedback effects. 
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